One of the major intent of metabolic engineering in cell culture systems is to increase yields of secondary metabolites. Efficient transformation methods are a priority to successfully apply metabolic engineering to cell cultures of plants that produce bioactive or therapeutic compounds, such as Vitis vinifera and Taxus x media. The aim of this study was to establish a reliable method to transform non-embryogenic cell cultures of these species. The V. vinifera cv. Gamay/cv. Monastrell cell lines and Taxus x media were used for Agrobacterium-mediated transformation using the Gateway-compatible Agrobacterium sp. binary vector system for fast reliable DNA cloning. The Taxus x media and Vitis cell lines were maintained in culture for more than 4 and 15 months, respectively, with no loss of reporter gene expression or antibiotic resistance. The introduced genes had no discernible effect on cell growth, or led to extracellular accumulation of phytoalexin trans-Resveratrol (t-R) in response to elicitation with methylated cyclodextrins (MBCD) and methyl jasmonate (MeJA) in the grapevine transgenic cell lines compared to the parental control. The method described herein provides an excellent tool to exploit exponentially growing genomic resources to enhance, optimize or diversify the production of bioactive compounds generated by grapevine and yew cell cultures, and offers a better understanding of many grapevine and yew biology areas.
INTRODUCTION
Vitaceae phytoalexins, known as viniferins, constitute a group of molecules that belong to the stilbene family [1] [2] [3] , which are derivatives of the trans-Resveratrol (t-R) structure (3,5,4′-trihydroxystilbene). These compounds accumulate in grapevine tissues in certain developmental stages [4, 5] and, as a result of infection or stress, display strong antifungal activity in some cases [6] . Besides its phytoalexin activity, t-R displays bioactivity that is relevant to human health. In this way, several studies have reported the beneficial effects of modelling systems of cardiovascular disease [7] , breast cancer [8] , colorectal cancer [9] , prostate cancer [10] , inflammation and aging [11, 12] and, more recently, obesity [13, 14] . The therapeutic value of these compounds has stimulated the demand for nutraceutical, cosmetic and pharmaceutical uses and, consequently, has aroused an interest in finding preferably sustainable systems to produce t-R and its derivatives in large quantities.
Plant cells and tissue cultures have been increasingly used as production systems of bioactive secondary metabolites with commercial applications, such as shikonin, taxol, alkaloids or berberine [15] [16] [17] [18] [19] [20] .
Yet, despite extensive studies on the standardization of cell growth and the selection of high yielding cell lines, the number of cases in which secondary metabolites are commercially produced by cultured cells is relatively low. Two major strategies can be carried out to overcome this drawback: elicitation and metabolic engineering. Elicitation is an empirical approach done to stimulate cell cultures to produce secondary metabolites; for instance, grapevine cell cultures elicited with methylated cyclodextrins (MBCD) alone [21] or combined with methyl jasmonate (MeJA) [22, 23] has proven an efficient system for the bioproduction of t-R, with 30% overall conversion of feeding sucrose carbon into resveratrol carbon [24] . Metabolic engineering has been currently applied to microorganisms as an alternative way for the bioproduction of t-R and analogues [25] [26] [27] [28] due to the obvious advantages over plant cell cultures to develop transformed strains and to upscale the productive process. Yet the yield of elicited grapevine cell cultures is still unbeaten.
Metabolic engineering has the dual purpose of increasing production yields of secondary metabolites in a cell culture system and of proofreading the steps of these extended pathways, and is capable of being the most effective strategy. It has been recently demonstrated that bottlenecks in the taxol metabolic pathway are localized in the last steps of its biosynthesis, and the overexpression of the genes involved in these steps is one of the main challenges faced in the biotechnological production of this anticancer compound [29] . Highly productive elicited grapevine cell cultures can be further improved during production through metabolic engineering, and also used as specialized strains to diversify accumulated end products.
In plant research, the "gene of interest" is frequently cloned into the binary vectors that can be used for Agrobacterium-mediated transformation [30] . Production of transgene-bearing genetic constructions is often hampered by laborious conventional cloning technology, which relies on restriction digestion and ligation. However, the Gateway-compatible Agrobacterium sp. binary vector system facilitates fast reliable DNA cloning [31] . The Gateway system has been adapted to plant transformation to facilitate the creation of vectors for large-scale overexpression, tagging and silencing [32] . Genetic engineering offers new tools for studies that address the functional characterization of genes of interest in grapevine. Several groups have published reports on the transformation of Vitis [33] [34] [35] [36] [37] [38] [39] [40] . To date, Gollop et al. [41] have provided evidence for the stable transformation of non-embryogenic cultures (NEC). Nevertheless, the transformation success rate and long-term sustainability of the established transformed cell culture did not seem to be a crucial requirement in their study, and neither was reported. Here we describe a reliable protocol for the successful A. tumefaciens-mediated stable transformation of two V. vinifera cell lines with the GFP gene under the control of pCaMV35S. It had no detrimental effect on resveratrol productivity after 13-month stably transformed Vitis cells cultures, and provides experimental evidence for the applicability of the protocol to the transformation of NEC of Taxus x media as a relevant example of other species of interest in bioactive metabolite production.
MATERIAL AND METHODS

Plant material
V. vinifera L. cv. Gamay callus was kindly supplied by Drs. J. C. Pech and A. Latché (ENSA, Toulouse, France) in 1989. Vitis vinifera L. cv. Monastrell albino calli were established in 1995 as previously described [42] . These cell lines were maintained in both solid and liquid cultures in Gamborg B5 medium, as described elsewhere [21] . In the liquid culture, the grapevine cell suspension lines were routinely maintained by periodical subculturing every 14 days by adding one volume of fresh medium and distributing the diluted culture into two culture flasks. T. x media callus was established from young stems of 3-4-year-old yew trees. Longitudinally-halved stem sections were placed in such a way that the inner cut surface came into contact with the culture medium optimized for calli induction [43] . The obtained cell lines were maintained in solid cultures in the optimum growth medium, as described elsewhere [44] . Calli were routinely subcultured every 14 days. Cell viability was determined by fluorescein diacetate vital dye staining and microscopic observation [45] .
Transformation reagents
A. tumefaciens strain C58C1 (pMP90) [46] , which carries a binary plasmid vector system that contains green-fluorescent protein (EgfpER) reporter genes, was used for the transformation study. pK7WG2D,1 vector (Laboratory of Plant Systems Biology; Ghent University, Belgium) ( Fig. 1) contains a 35S Cauliflower Mosaic Virus (CaMV) promoter/ terminator and a neomycin phosphotransferase (NPTII) selectable marker in the T-DNA region of the vector.
Agrobacterium strains were made chemically competent and transformed with a binary vector by standard techniques [47] . 
Transformation Protocol
Bacterial culture: A. tumefaciens that contained the desired binary plasmid was grown on solid YEB medium [48] at 28ºC for 48 h. A single colony was inoculated in 50 ml of liquid YEB medium that contained 100 mg/L rifampicin, 75 mg/L spectinomycin and 20 mg/L gentamicin, and was incubated overnight at 28ºC with shaking (180 rpm). 50 ml of YEB medium, supplemented with the same antibiotics, was inoculated with 1 ml of this 1-day-old culture and grown at 28ºC and 180 rpm until OD 600 reaches around ~0.1-0.4, in accordance with Batoko et al. [49] . The bacterial medium was removed by centrifuging the entire culture at 14,000 rpm for 3-5 min. The resulting bacterial pellet was washed and suspended in 1 ml of liquid Gamborg B5 medium with 100 mg/L of acetosyringone (AS).
Plant cell preparation and infection: When starting from the solid culture, 10-12 g of Vitis or Taxus callus were transferred to a sterile Erlenmeyer flask that contained 50 ml of Gamborg B5 medium. When starting from the liquid culture, 50 ml of the 7-day-old Vitis cell suspension in Gamborg B5 were used (the Taxus cell suspension was not assayed). The liquid plant cell preparations were supplemented with 100 mg/L of AS and sonicated at 100W in an ultrasound bath (Bandelic electronic RK100) for 1 min for Monastrell and for 2 × 1 min for Gamay and Taxus. Immediately afterwards, the bacterial suspension was added. The infected culture was incubated on a shaker (110 rpm) for 30 min in the dark at 24ºC.
Co-culture and selection of transformed cells: Subsequently, suspensions were poured over a glass filter and the retained biomass was washed with cold medium. Gentle vacuum was applied to remove excess liquid medium. The biomass was drained for 5 min on sterile paper and then transferred to the solid Gamborg B5 medium which contained 100 mg/L of AS. After 2 days of co-culture at 25°C in the dark, cells were transferred to the solid Gamborg B5 medium which contained 250 mg/L of cefotaxime and 60 mg/L of paromomycin at 25°C in the dark. Periodical subcultures of the growing callus colonies were carried out at decreasing cefotaxime concentrations. After 4 months, cefotaxime was eliminated from the medium, and the transformed Vitis and Taxus cells were allowed to grow in the modified Gamborg B5 selection medium with 60 mg/L of paromomycin.
Fluorescence microscopy
Images of transformed fluorescent cells were taken by a confocal microscope (Leica TCS SP2; Leica Microsystems, Wetzlar, Germany).
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GFP fluorescence was viewed by excitation with a 488 nm Krypton/Argon laser using a BP 450-490 emission filter, with a pinhole diameter of 77 µm, to give an optical slice thickness < 0.9 µm. Serial optical sections were obtained at 1-µm intervals, and projections of optical sections were accomplished with the Leica confocal software. Brightness and contrast were adjusted by Adobe Photoshop 7.0.
DNA extraction, amplification and analysis
Genomic DNA was isolated from 150-300 mg of Vitis or Taxus cells using the E.Z.N.A. HP Plant DNA Mini Kit (OMEGA), according to the manufacturer`s instructions. Presence of EgfpER and absence of virB genes in Vitis transgenic callus/suspensions and Taxus transgenic callus were detected by PCR analysis, where the 5´-ATGGTGAAGACTA-ATCTTTTTC-3´ and 5´-TTACAGCTCGTCCTTCTTGTAC-3´ primers were used to amplify a 798-bp coding region of the EgfpER gene, and the 5´-TCGGGCACCGTCAGCTTGACG-3´ and 5´-GTTAAGAAGATC-GCCTATTGT-3´ primers were used to amplify an 800-bp fragment of the virB coding region. The amplification reactions consisted of 1 cycle at 95ºC for 5 min and 30 cycles at 94ºC for 1 min, 54ºC for 1 min, 72ºC for 90 s, followed by an extension cycle of 10 min at 72ºC. The plasmid DNA used in the transformation served as a positive control, while the DNA from the non-transformed wild-type Vitis and Taxus cells was used as a negative control. PCR products were analysed by electrophoresis on 1% agarose gels.
Protein extraction and analysis
The protein extracts from Vitis callus/suspensions and Taxus callus were prepared as described by Martínez-Esteso et al. [50] . Briefly, plant material was homogenized in extraction buffer (50 mM HEPES, 0.25 M sucrose, 1% [wt/vol] PVPP, 5% glycerol, 10 mM EDTA, 10 mM Na 2 O 5 S 2 , 10 mM acid ascorbic, 1 mM PMSF and Sigma Protease inhibitor) at a ratio of 2 ml per gram of plant material at 4°C.
The extract was centrifuged at 10,000 × g for 10 min at 4°C. The supernatant was pelleted at 100,000 × g at 4°C for 90 min. The pellet that contained the microsomal fraction was resuspended in 0.2 M Tris-HCl at pH 7.4, 10% glycerol, 0.01% bromophenol blue and Sigma protease inhibitor at 4ºC for 2 h. The protein concentration of the samples was determined by the RC DC protein assay (BIO-RAD) based on the modified Lowry protein assay method [51] .
Proteins were resolved in 12% polyacrylamide gel under native conditions in a Hoefer miniVe cell (GE Healthcare) at 200 V and 4ºC. Gels were scanned in a Typhoon 9410 variable mode laser scanner (Amersham Biosciences) with the blue laser (488 nm) as the excitation source, and emitting fluorescence (526 nm) was recorded with a short pass filter.
Elicitation of the transformed grapevine cell culture and resveratrol analysis
Cell culture handling was always performed under aseptic conditions. Elicitation was carried out as described in Bru et al. [21] in 250 ml Erlenmeyer flasks that contained a final volume of 100 ml of culture. Elicitor concentrations were 50 mM for MBCD and 100 μM for MeJA, according to previous experiments carried out in a dose-response study [23] . After 72 h, medium cultures were collected by filtration with slight vacuum. Experiments were done in duplicate. The spent medium was used to analyse t-R, as described elsewhere [22] , by liquid chromatography in an Agilent 1100 series HPLC equipped with UV-vis and ESI-MS/MS ion trap detectors. For stilbenoid determination, 10 μl of the sample, after passing through an Anopore 0.2 μm filter, were injected into a Mediterranean C18 column (25 × 0.46 cm, 5 µm particle size) (Tecknokroma, Barcelona, Spain) and eluted in a gradient of solvents A (0.05% TFA) and B (0.05% TFA in methanol:acetonitrile 60:40 v/v) at the 1 ml/min flow rate. The gradient consisted of: 0 min. 22 
RESULTS
Establishment of the Vitis/Taxus-transformed cell culture.
The T-DNA region of the binary plasmid used for plant cell transformation ( Fig. 1) contained the NPT II gene, which codes for the neomycin phosphotransferase protein and confers resistance to aminoglycoside antibiotics [52] . The preliminary experiments, conducted to determine an appropriate selection agent, indicated that untransformed Vitis cultures are quite tolerant to kanamycin, and that cells still grew, albeit slowly, at 500 mg/L of the antibiotic (Figure S1A and S1B) . In contrast, Vitis cells displayed sensitivity to paromomycin, and complete inhibition of cell growth took place at the typical selection concentration of 60 mg/L (Figure S1C and S1D) . The observed insensitivity of V. vinifera NEC to kanamycin contrasted with the this antibiotic's reported toxicity on shoot development of V. vinifera and rootstocks [53, 54] , or on V. vinifera embryogenic cultures [55] . However, kanamycin sensitivity has also been shown to vary according to tissue type and developmental stage [33] . Growth of Taxus cuspidata cell cultures on a solid medium that contained up to 800 mg/L kanamycin has also been reported [56] . The high proportion of non-transformed Vitis cell escapes obtained when using kanamycin as a selection agent, and the demonstrated resistance of Taxus cell cultures to kanamycin, allowed us to establish paromomycin as the selection agent for both species. Another critical point when developing a suitable transformation protocol is sonication treatment. No transformants were obtained unless cell cultures were briefly sonicated in a bath to facilitate Agrobacterium-plant cell interaction, as previously described for different tissues and plant species [57] .
A. tumefaciens strain C58, which contained pK7WG2D,1 successfully transformed two lines of V. vinifera (i.e., cv. Gamay and cv. Monastrell) by starting from either callus or suspension cultures, and one line of Taxus x media by starting from callus. It was possible to detect green fluorescence by microscopic examination in these cells within 4 weeks from transformation, and GFP expression was detected in all the callus colonies of the Vitis and Taxus cells infected with Agrobacterium (data not shown). After 4 weeks on selection medium, paromomycin-resistant callus colonies were large enough to harvest the biomass and to be transferred to new plates with fresh selection medium ( Fig. 2A-2C) . The non-transformed material did not grow and turned brown in selection medium (Figure S2A-2C) , while the transformed callus grew vigorously in selection medium ( Fig. 2D-2F) .
Within 3-4 months of the initial transformation, sufficient callus material was obtained to launch Vitis suspension cultures, thus rapidly growing suspensions were established. The transgenic callus and suspension cultures grown in paromomycin-containing medium showed no detectable difference in cell growth when compared to the non-transformed parent cell line grown in paromomycin-free medium. Both transgenic and non-transgenic calli were subcultured at the same frequency, and the increase in fresh biomass after 14 days of inocu-lating 10 g in 40 ml of fresh medium was 19.5 ± 0.4%/15.3 ± 0.4% for the transformed culture of the cv. Gamay/cv. Monastrell cultures, respectively, and 20.0 ± 1.5%/15.9 ± 1.0% for the non-transformed cv. Gamay/cv. Monastrell cultures, respectively. The Vitis transgenic cultures were maintained under continuous paromomycin selection for more than 7 months, and in paromomycin-free medium for 6 more months, with no loss in either vigour or GFP expression ( Fig. 2G and  2H) . The Taxus transgenic cultures were maintained under continuous paromomycin selection for more than 4 months with no loss in either vigour or GFP expression ( Fig. 2I) .
Estimating the transformation efficiency of non-embryogenic callus and suspension cell cultures is particularly challenging compared to the transformation of explant sources used for eventual transgenic tissue regeneration. Unlike experiments with typical explants, such as leaves or embryos, a non-embryogenic suspension/callus is composed of millions of undifferentiated cells and cell aggregates, where each cell is the potential explant. In the successful experiments described in this report, 20 and 17 transformed calli were obtained on average per 1 g of fresh weight of plated V. vinifera cv. Monastrell and cv. Gamay cells, respectively, and no differences were found between the source material (either a cell suspension or callus). Ten transformed calli were obtained per 1 g of fresh weight of plated Taxus cells. About 90-95% of the Vitis and 75% of the Taxus transformed calli were successfully maintained under continuous paromomycin selection.
Molecular characterisation of the Vitis/Taxus-transformed cell culture
After 13 and 4 months of transformation, respectively, a randomly selected Vitis and a Taxus transgenic callus, as well as the control wild-type callus, were checked for plant genome T-DNA integration of EgfpER genes (and the eventual Agrobacterium contamination) by PCR amplification using primer pairs specific for EgfpER and virB. EgfpER was present in all the transgenic clones (Fig. 3A) , but not in the wild type (Fig. 3C) , whereas the virB PCR product was absent (Fig. 3B) . These results confirmed that transgenic cultures were actually transformed with EgfpER and were not contaminated by Agrobacterium. In the transformed Vitis and Taxus cells that contained GFP with the ER signal sequence, green fluorescence was distributed throughout the endoplasmic reticulum ( Fig. 2G-2I) . Detection of GFP in the microsomal fraction from the Vitis cultures was used to assess the recombinant protein synthesis in the transgenic cultures. We were able to view active fluorescent protein bands in the 1DE native gels using suitable excitation and emission wavelengths for GFP, respectively 488 nm and 520 nm. A fluorescent band was clearly distinguished in the microsomal protein fraction (Fig. 4) of transformants Vitis and Taxus, but was absent in the non-transformed cultures. 
Extracellular accumulation of stilbenoids in grapevine transformed cell cultures upon elicitation
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Having established the suspension cultures of the GFP-expressing transgenic Vitis cells, stilbenoid productivity was determined. This analysis included trans-and cis-isomers of resveratrol, t-R and c-R, respectively. Our group determined that the elicitation treatments of cell suspensions V. vinifera cv.Gamay and cv. Monastrell with MBCD combined with MeJA led to major increases in t-R accumulation [22, 58] because t-R was synthesised abundantly in treated cells and translocated continuously to the medium. However, treatment with MBCD+MeJA did not lead to the de novo synthesis of c-R, which was a minority metabolite compared to t-R. Figure 5 shows the amount of accumulated t-R in extracellular medium after 72 h of incubation with elicitors MBCD and MeJA, which were quantitatively determined by HPLC. t-R was found in the extracellular medium in all the transgenic Vitis cells. The abundance of t-R in the transgenic culture of cv. Monastrell and cv. Gamay was 1.13 ± 0.03 mg/ml and 2.62 ± 0.06 mg/ml, respectively. As compared to the control of cv. Monastrell and cv. Gamay, 1.12 ± 0.06 mg/ml and 2.69 ± 0.04 mg/ml, respectively, the amount of t-R did not change significantly in response to MBCD + MeJA treatment in the transgenic GFP-expressing Vitis cells. More t-R accumulated in the cv. Gamay cells culture than in cv. Monastrell. These results correlate well with those obtained by Martinez-Esteso et al. [58] and by Lijavetzky et al. [22] , respectively. 
DISCUSSION
Genetic transformation technologies have been used to modify a wide range of crops, including field crops, vegetables and ornamentals [59] [60] [61] . However, the use of such technologies for the successful transformation of non-embryogenic cultures in general, and of grapevine and gymnosperms in particular, is limited [41, 56, 62, 63] . We report herein the successful stable transformation of Vitis vinifera cv. Gamay /cv. Monastrell and Taxus x media. In transformation studies, selectable marker genes are introduced into the plant genome, usually with a gene of interest, to provide transformed cells with a growth advantage in order to outgrow non-transformed cells in a selection medium [64] . Establishing the selective agent and concentration is one of the most important steps. Kanamycin has been used as a selection agent in Vitis cell culture [36, 37] . Here we obtained a high proportion of non-transformed escapes in Vitis when we used kanamycin as a selection agent, even at a concentration of 500 mg/L. Resistance of Taxus cell cultures to kanamycin has been demonstrated [56] . This prompted us to test paromomycin, which has also been used as a selection agent in Vitis transformed with NPTII-bearing plasmids [39] . The non-transformed escapes in Vitis and Taxus, which were frequently encountered with kanamycin selection, were eliminated by using paromomycin at a concentration of 60 mg/L, which was subsequently adopted as the selection condition.
Stably transformed Vitis and Taxus cells cultures were successfully obtained through Agrobacterium-mediated genetic transformation following the protocol described herein. A previous Vitis selection experiment was done in the presence of 1.5 mg/L of polyvinylpyrrolidone (PVP), which showed no significant difference compared to the selection done without antioxidants (data not shown). Washing the overnight Agrobacterium culture in liquid culture medium and adjusting the OD 600 to 0.1 for Vitis greatly reduced the necrotic effects of Agrobacterium co-cultivation observed previously for V.vinifera [33, 36, 41] , therefore the use of antioxidants was avoided. Taxus plant cells are difficult to manipulate in vitro [65] , and the stress exerted by transformation means more difficulty [66] . The adjusted OD 600 value of 0.4 for Taxus was considerably lower than the 1.3 value used in Ketchum et al. [56] . T. x media survived incubation with Agrobacterium with a slight noticeable effect, as opposed to the rapid reddening or browning observed in the cultures of T. x media or T. canadensis by Ketchum et al. [56] . Sonication-assisted Agrobacterium-mediated transformation (SAAT) [67] has been reported as an easy low-cost method to substantially enhance efficiency in low or non-susceptible plant species. In this work, cell cultures were sonicated to facilitate the Agrobacterium-plant cell interaction [68] . Further confirmation of T-DNA integration into the Vitis and Taxus genomes was demonstrated by PCR analysis (Fig. 3A) , and lack of contamination by Agrobacterium (Fig.  3B) in the transgenic cultures remained under continuous paromomycin and cefotaxime-free media. Under confocal microscopy, the green fluorescence of the GFP-expressing Vitis and Taxus cells was distributed in an arborescent fashion throughout the endoplasmic reticulum. The detection of native fluorescent proteins in 1DE gels provides further experimental evidence of the synthesis of the recombinant protein in Vitis and Taxus transgenic cultures (Fig. 4) .
Transformation efficiency estimates are described in this report; 20 and 17 transformed calli were obtained on average per 1 g fresh weight of plated V. vinifera cv. Monastrell and cv. Gamay cells, respectively, and no differences were found between the source material (either cell suspension or callus), and 10 transformed calli were obtained per 1 g fresh weight of plated Taxus cells. Approximately 90-95% of Vitis and 75% of Taxus transformed calli were successfully maintained under continuous paromomycin selection. This high transformation efficiency is, as far as we know, the best ever reported since previous studies provided evidence of only the expression of reporter genes, but not of transformation efficiency [41, 69] . Unlike the previous work by Gollop et al [41] , the work described herein: (i) provides direct evidence for absence of contamination by Agrobacterium in transgenic cultures of V. vinifera, cv Gamay; (ii) skips the need to keep the culture under continuous exposure to cefataxime, except for the first selection period; and (iii) skips the need to use antioxidants to counteract the stress of the cell culture in any stage of the transformation and selection process. Therefore, the described protocol presents a number of significant improvements over previous work.
One of the bottlenecks of making Vitis cell culture technology viable to produce t-R has been the establishment of suitable elicitation conditions [21, 22, 58] . Hitherto, constitutive promoters are generally used to study the effects of transgene expression in plants but, given the fact that constitutive gene expression may be harmful to the host plant, including yield penalty [70,71 and references therein], the effect of GFP constitutive expression on t-R production by elicited grapevine cell suspension was assessed. No significant influence on t-R production was detected in any of the different transgenic cell lines by comparing the introduced genes to the untransformed control when medium extracts were analysed by HPLC-MS ( Fig. 5) . If transgenic Vitis cell cultures are to be used for large-scale t-R production, then these cultures must grow rapidly as parental cells, and must stably express the genes of interest for the extended time required for scale-up. Transgenic cells showed no detectable difference in cell growth when compared to the untransformed parent cell line. Our results indicate that it is possible to obtain and maintain rapidly dividing transgenic
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Vitis cell suspension cultures, and that integrated genes do not necessarily affect growth or resveratrol productivity when compared to the parental control. Clearly based on our transformation experiments, which resulted in a stable transgenic Vitis cell line, transformation of Vitis is achievable. The establishment of transgenic cell technology in Vitis is the first step towards developing metabolic engineering of the stilbenes biosynthetic pathway to both better understand the complex pathway and to ultimately improve t-R and derivatives production. As the market price of taxanes and their derivatives is high, the design of engineered Taxus cell lines with improved taxane production capacity is the challenge faced today in plant biotechnology. This optimized protocol can encourage the implementation of metabolic engineering techniques in the production of taxanes.
